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1
'FIRE DOOR CORE

This application is a Continuation in Part of application
Scr. No. 08/247,249 filed May 23, 1994, now abandoned.

This 1nvention relates to a core for fire doors

A core for fire doors is contained in a door shaped shell,

usually, of steel. The core 1s customarily bonded or glued to
both inside surfaces of the door. Such a shell and core must
pass tests before being approved for use in both Canada and
the U.S. and in other jurisdictions. A typical test might be:
(1) to be subjected to a temperature approaching 1000° C. on
onc side of the door and to maintain the temperature on the
other side of the door to less than 250° C. for at least 60
minutes. (2) Then to maintain its structural integrity as a
door for a further 30 minutes.

The parameters of criteria for the door construction differ
for tests (1) and (2). During test (1) the heat differential
across the door, requires the core to have qualities which
inhibit heat transfer which, in turn, causes differential ther-
mal expansion of the stecl, and bowing of the panels, on the
high temperature side of the door, which threatens the
structural integrity of the door. Because of this threat to the
structural integrity of the door, it is desireable after test (1)
is completed, in accord with the concepts of this invention,
- that the temperature differential across the door be reduced
so that the core, which in test (1) was asked to reduce heat
flow, is in step (2), asked to allow more heat flow, to reduce
the differential expansion between hotter and cooler panels
to maintain the door shape integrity. In addition, for 1ts
ordinary function as a door, the door must be as light as
possible, a heavy core would require correspondingly stron-
ger mounting frame, supports, hinges etc. Currently the
industry requires a core weighing 20-24 1bs./cu.ft.

It is thought by those skilled in the art that a core could
be constructed from a gypsum slab which would pass at least
test (1) above. However the weight of such a core would be
excessive, requiring correspondingly heavy mounting and
fitting. Moreover the heat capacity of the gypsum slab might
inhibit heat transfer, and interfere with our concept of
maintaining door integrity, after an initial period, by allow-
ing heat flow.

(There arc many tests, with value and parameters differ-
ing from the test set out above. Thus the test above referred
to 18 not intended to limit the scope of the invention and in
fact doors within the scope of the invention may be designed
to pass less or more rigorous tests. The test outlined merely
serves as an example of a core which during a fire must resist
transverse heat transfer for an initial period and transfer heat
during a following period.)

Other existing fire doors, of which we know, have a core
formed principally of mineral fibres with a bonding agent.

Such cores, because of their powdery surfaces have poor
bonding characteristics and tend to separate from the door
inside surfaces to which they were glued. They also tend to
crumble and disintegrate over time, especially when the core
separates from the door skins.

This invention comprises a fire door core comprising a
mixture of hydrated gypsum in amounts of about 40% to
46% of the core volume, other solid components of up to
about 1%, and bubbles as hereinafter described occupy
substantially the balance of the core volume.

The upper limit for the percentage by volume of hydrated
gypsum is primarily set by the risk of excess weight of the
core resulting in overstrain of the mountings and fittings, and
the risk of excess heat capacity in the core inhibiting heat
flow therethrough when such heat flow is desired to maintain
the integrity of the core.
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The lower limit for the percentage by volume of hydrated
gypsum is primarily set by the necessity of a sufficient
endothermic value for the hydrated gypsum. The total endot-
hermic value of removing the combined water in gypsum 1s
1418 BTU per pound of water.

By “bubbles” herein, we mean spaces in the mix which

‘are frequently spheroidal. Such spaces may be created by

any desired method including: (1) inserting in the mix
hollow spheres of the desired diameter. This is the preferred
method where the diameter of such bubbles 1s 1-4 mm. Such
spaces may also be created by (2) mixing a foaming agent
in the mix. This 1s the preferred method where the diameter
of such bubbles 1s 0.01 mm to 0.25 mm. The foaming agent
1s mixed as lately as possible before the mixing because the
bubbles in unmixed form tend to deteriorate with time. (3)
Large “bubbles’ as the term 1s used herein may be formed
by including waterswollen particles, such as tapioca which,
when the slab containing said particles is heated to drive off
the water, lose their water content to leave a void or
“bubble” only slightly less than that of the swollen tapioca.
Production of large bubbies in this way, 1s not favored
because of the extra energy requlred to drive off the con-
tained water.

Producing the large (ic. with diameters at 1-4 mm)
bubbles has not been successful using vermiculite and
perlite. Both materials were screened to 1-5 mm size
particles. The sample core materials core produced with
perlite and vermiculite were both too heavy. Moreover the
sample produced with vermiculite was too weak, and 1t 1is
believed that this was due to the “‘leafy” nature ol the
expanded vermiculite. An additional problem encountered
with both perlite and vermiculite was their water absor-
bancy. It was necessary to add 20%-40% (the exact amount
varies with the gradation and quality of perlite or vermicu-
lite) more water than would otherwise be required. The
additional water was undesireable because its presence
increased the cost of drying and, for a given production rate,
the capital cost of the dryer.

Other attempts to produce the large air bubbles. Large air

bubbles were produced using a commercial foaming agent
e.g. Cedepal™ and compressed air. However, when such

agent with larger bubbles 1s added to the mix the large
bubbles are converted to bubbles of much smaller size, e.g.
0.01-0.25 mm dia. This is believed to be due to the large
shear velocities required to mix gypsum and water. It 1s
noted that such conversion of large to small bubbles
occurred even when the mix with large bubbles was added
near to the end of the mixing cycle.

Best results in the provision of large bubbles in the mix
have been achieved when hollow styrene spheroids are used.
These are quite uniform and, in typical batches have a
median diameter of 2.5 mm and about 80% of the sphermds
have been found to be between 2.2 and 3 mm.

Tests have shown that too high a percentage of small
bubbles will sufficiently weaken the core to prevent ifs
maintaining its shape during handling and use. Tests have
further shown that too high a percentage of large bubbles
will also reduce the strength of the core and prevent its
maintaining its shape during handling and use. The limats
indicated for the content range of each size of bubbles
indicate our appraisal of where the strength of the core will
deteriorate.

Only the relative volume ratio of small and iarge bubbles
discussed below in the text, will allow a core weighing
20-24 1bs/cu.ft.(preferably 22+1 lbs./cu.ft.) to retain suffi-
cient strength for handling and use, while at the same time
retaining the characteristics which allow the door containing
the core to pass the required tests.
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Preferably, m the rmxture 1arge bubbles df between 1

IR _ﬁ mrn and 4 mm are present to displace about. 31%—38% ofthe
© . .volume of the core and small bubbles of diameter 80% ef:_':::_,..;_.,
w7l which are between 0.01 and 0.25 mm to dlsplaee betweenr._;f'--
| ""”"':'*---'i';':'_._.__'abﬁut 17% to 25% of the volume of.the core. ~ =~
‘. Where diameters are given it is‘noted that- such large or T

e "'.------small bubbles fur a vanety of reasons. tend te form spheres
-~ However they wrll not. always form- exaet spheres The- e e
~ - diameter sgiven is. that of a sphere whwh is- equwa]ent rn-- ' nents, 40%-46%. of the final'mix, other solids bemg lessthan - o
o --*--.;'?_;,?_?__--_"_velume to- the space or sphereid AL T
e e the. preferred core of the mventten the velume eeeur
o “j_"'pted by hydrated gypsum is preferably about 43%; by large
S --_""j::-.=.;bubb1es of diameter between 1-4 mm, abeut 35% of thej'-
© " volume; and by small bubbles; about 80% of whith are of . -~
. diameter between 0.01 -and 0.25 mm, about 21%. of the
- volume. Other solids such as additives; the solid residue of
o ”"'“"-bubble fdrmmg members ete wﬂl be less than abeut 2% of Ll
L e “In aeeord w1th the preferred methdd fer makmg a core fer?--'f{i._l'.
3-_1_9_;?__.ﬁre doors: dehydrated gypsum is. mixed with. components
e "adapted to form small and large bubbles in‘the ﬁmshed core
n fficient " water “to. hydrate the gypsum - and a.
PR sufficient excess of water to produce-a. shapeable mass, " .

g ";I'"':'”'-“:_'-j;_-.:..;.where said bubbles, and bubble - forming. components arejg.;..i._.ﬁ

.. slabs 10 remove uneombmed water. wrtheut substanually__f;
--_f.dehydratmg said. gypsum S e LR
o+~ - FIG. 1 schematically demenstrates the eperahon of the’f"s-r--il
S __“"’“"'-'{mventwe methed from the mixing of the initial eompeneuts**
R unt11 the formation. of - core- length slabs. from a strip.
.. " FIG.2 demenstrates an oven. fer rerneval ef exeess water';_.ffﬁ__ --
}. '"‘".f':'-*;;-,_.,f__f:_j'"'frern the-strip. - Tl e T T
« = Inthe preferred methdd n aeedrd w1th the mventten andx.f.f“ i
':f:dealmg with~the percentages as’ deﬁned in the preeedlngf’-*?
RS '_""“-_""jdrseussrens dehydrated gypsum," the 1arge bubble forming
SR ~.in gredtent and any addrtwes dre.mixed: with water. In the
. first:mixer 10 we mix- 70 lbs. of calcium. sulphate in
B }-pewdered ferm and the large ‘bubble forming agent, (pref-
.. erably abdut 2 1bs, of styrene-in the form of hollow spheres;__.“ e
 witha diameter of between 1 and 4 mm) and water,
. Other additives may be added to this mix if required. For
R T example to improve hot strength it may become desireable
Lo ---,j_:--ij{_,kte add glass frit, sﬂreates or similar material of lew meltmg]_;;._”
S temperature To improve toughness ‘or handhng character--
. istics it may become desireable to add mineral fibre or other
L f*"_ﬁbreus matertal 1n small quantities. Other cemponents sueh-'_'}'--l-
7 -as vermiculite, perlrte diatomaceous earth, and the like, in " 65.
- small quantities, may be: des1reab1e to eentrol expansren and-;? o

AR ;,\_:[further 1mpreve het stren gth
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In the seeend mlxer 12 we rrux water and the seleeted

small bubble fearrung agent (here Cedepal‘“) n the ameuntr;.:_;g*- |
-'[ef 4.2 1bs. which is ‘adapted to form the 0.0 to 0.25 mm = -~ _
“small bubbles ‘The amount of Cedepal and, the rmxmg trme-_ T
-;;arld temperature are. emplrleally determmed ..... Lo

. "The first and second mixtures.are then nuxed in rmxer 14 EOREE
-._.',;;;The quantity of - gypsum is selected-to provide, with- any':_';._:::’ff*_"' el
‘other solids such as additives or residue from other compo- -~ .

10 about 2%. The total quantity of water in mixers 10 and 12 -
7 is sufficient to form the small bubbles to hydrate the gypsum;----?--; B
_'-and to prevlde sufficient excess waterto render the eutput ef_ Ll
- mixer 14 shapeable’ but. havmg limited eeberenee L
- Any- other components” for forming ‘the large or srnall S

"{f""'-rbubbles may be used SO leng as they de net mteraet wrth the'f_"':*- o

......

> gypsum.
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j:' :-_}.:::ﬁ_gsald g}’psum has substantlally takeu plat’:e then euttmg Smd
. .oostripainto slabs ef desired core length and then heating said.

1srde walls ef the core. | RIS
After the f ermatren ef the tep ﬂauges a reller 40 supphes L o

. The schematreally shewn apparatus f or perfernnng the-:.. S,

" ‘method includes the travelhng conveyor 20. At the upstream™ ..

~'end of the conveyor a roll of fibreglass matte 22isunwound

~to provide strip 23 to- lieon and travel with conveyor 20.The - -

width-of the matte is the sum of the width of core desired -~ =

- plus the width of the two side flanges 24 which side: ﬂangesi-_--{;_; R
'_ ._|24 include the width of the to-be-formed top strips 26. = = -

Fdrmmg means of- non" stlek material; not shewn blll.m'ﬁj_"’f" S

. ":::"':--'-----?--.:sufﬁeleut to-provide between 54% and 60% of the volume - '"Cdnventlonally available in a number of forms; will act to -

Con :._::._._ displacement of the. mixture so formed, ‘when the gypsum 15

S e _';:!Shape the, mauc ]_G f@rm the LWO Slde ﬂangﬁs 24 Downstrﬁam;-'-:
IR hydrated, fermmg sa;td shapeable mass into at. 1east one slab, -

from the formation of the side ﬂaeges the tonveyor. frame:l._i:_...:
SRR hown) will prevrde side walls: 28 ‘which slid ably - .. .
havmg on some. of it surfaces a wrappmg layer where said - (not s IR,
. slab with said wrapping layer has.the des1red eore drmen-”f'f-' ~support the flanges 24 as the matte is filled with the final = - =
.”_*3;*--3"S1ens and eliminating the excess of water. .. -
EETR R Preferably said method’ 1neludes mlttally mlmng, ina-
ﬁrst mixture, dehydrated gypsum wrth ‘water and-a- large_%._;jf{_;_“-_ ) N
""'.;.;r:;-.;_::___l,bubble forming. component;. mixing water. with a. small:-:_::-."f""':'g.:thc final mixture to the matte 20 Thus, Optlenally, means 34
...~ bubble fernung eempbuent in a second mixture; mixing said - - |

~ (shown in dotted outline which may be any eenventrenalj**?%?-?'-;. =
. -first and second mixtures in a final mixture where the- total - -
".':---'-'-_--;water 18 sufﬁment to- hydrate the- gypsum and- prevrde suf
S -.-f.:.,-_-ﬁeleut excess water in the final mixture-to render the mixture: -
oL intoa shapeable mass’ with some coherency; then forming.
- such mass into a longitudinally extending strip and provid-

. ing such strip ‘with an-outer layer on its sides, where such

o ‘f'--;strrp wrth 1ts duter layer has the wrdth and th1ekr1ess des1red

. mixture and thereafter wﬂl suppert the (matte) 31de walls of'-” | B
4 3o e core. e o S
Just ddwnstream frem the upstream end ef walls 28 TR

- non stick means) and shown as dewnwardly faemg edge 35 SR

f"i"35;....'_:'.;j{may be used to'level the mix:- - et L
Downstreain from the ﬂlhng and levelhng ef the nux the_' e

;_'f*eenventtena] forming -means, not shown, forms the'top =~ .

_"-_'--ﬂanges 26 frem upper S‘tI‘lPS on the ﬂangcs 24 50 that the"ff - L

-----

.....

T

___:_f_'_"i'avarlable frem Sehuller Iutemattenal Ine Tolede Ohte) oy UL
" This matte 42 has the width of the final core and is desi gned” .o T
10 extend between side walls 37, The: rnatte 42 is,inthe-. = ..
 vicinity of roll 40, provided with glue, as- schematically.
- shown at44 on what is-to be'the. lower surface. of the matte = = -
- 42, and is laterally lbeated te attaeh matte 42 te tep ﬂanges s e
26 at’ pressure rollér 46. - - e
<750 - The matte 42 is- therefere apphed and adhered to. tep'_'*i::a,,:ﬂ:.'_'f”f' S
R --_S'ﬂanges 28 and, at the same time the roller 46 finalizes the- .
"'5-?'_5-_;_:.._levelllng and shapmg of the final mix. It is found preferable};}_:‘;h;_;_.
- in'most ‘cases to-omit’ levellulg means. 34 aud rely on roller. -
'46:for the levelling function: The réason 1§ that gypsum may o
tend to collect and “cake” 4t the edge.35 mterf ering wrth the._ﬂ':_"f'f_ e
'f'--a-umfermrty of the gypsum in the slabs. = LR el
| Tt-will be noted that all eentacts ef the ﬁbreglass matte'*:%; -
. '**7--.;__._,__1ayer with the formed mix causes some incursions of- the .
~ glass fibres into the mix. Such movement and.incursions,in.
the final core, will cause mutual. adherenee ef these members R
- and improves the integrity of the core. | R
“The - resultant slab 48 with its ﬁbreglass skln travelsf_.':?--'--_-'__?:__ .
':.-_sldwly down the eenveyer while the travelling slab sets, and~
.then befdre and after setting the. formerly dehydrated gyp-ji; o
sum in the slab cempletes the hydratten of the gypsum frem:__;'
o water in the ‘slab. Some of- the exeess water m the slab__.ﬁ'f"'f.f*-'j |
o _"".':'**evaporates but mest is left L " R
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Downstream from the location where the hydration 1s
complete the slab is cut into lengths 54 corresponding to the
desired length for the core. It will be noted that there 1s, 1n
this example, no layer covering for the core ends where the
cut has taken place. However it is found that the slab 54 has
acquired, during setting and hydration, enough coherence
and integrity to allow handling between this stage and the

next. The coherence and integrity is provided by a number

of factors: the evaporation of water from, and the setting of
the mix in, the slab, and the hydration of the gypsum therein,
which supply sufficient integrity for handling the cut slab,
‘and do not require any “skin” or retaining means for the
uncovered ends of the cut slab.

The cut slab portions are then placed in a heated oven or
enclosure 56 as shown. The heating is carried on at about
150° F. and is not allowed to rise materially higher to avoid
the risk of “calcining” or “dehydrating” gypsum in locations
of higher heat, during the heating process. The heating 18
continued until the excess water is driven off and only the
“combined” water in the hydrated gypsum remains. The
heating must be then stopped to avoid a risk of calcining or
dehydrating the gypsum. The point at which the excess
water is driven off may be reasonably accurately determined
since with a heating environment of 150° E. the temperature
of the core will remain below 150° F. until the excess water
is removed. As the excess water is removed, the temperature
of the core will start to increase toward that of the heater
environment.

Whatever method of heating i1s used 1t will be necessary
to provide for air or gas flow into and out of the heating arca
to avoid the effects on the process of an excess of humidity,
caused by the excess water driven off from the cores.

The core, with substantially all the uncombined water
removed, may then be combined with the door shell to form
a complete door.

Although the above is the presently preferred method,
other methods, within the scope of the invention may be
used.

The resultant core will have a preferred composition of
about: 43% hydrated gypsum, 1% other solids, 35% large
bubbles (1-4 mm) and 21% small bubbles (80% of which)
(0.01-0.25 mm). Such a core in dimensions of about 34%2"X
81%4"(nominally 3'%7") and a thickness of about 194", in a
steel door will, (if heated to 1000° C. on one side), maintain
the temperature on the cool side of the door to less than 250°
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C. for at least 60 minutes (test (1) above). A door with such
core will preserve its structural integrity (of the shell since
the core will be dehydrated or calcined) for a further 30
minutes.

The invention may be used for fire door cores which pass
other tests either more or less stringent than the test used as
an example. They may also be designed to pass a test
analogous to (although more or less stringent than) step (1)
without passing the step (2) test or equivalent. (Such as in a
wooden door.) For these broader aspects the proportions and
quantities of the ingredients will be limited only by the
teaching herein, as defined in the claims.

Additives for better fire resistance or any other purpose
may be added within the limits set out.

We claim:
1. A core for fire doors, comprising the mixture of:
hydrated gypsum occupying 40%-46% of the core volume,

the remainder of the core volume being large bubbles
which are between 1 and 4 mm, small bubbles of about
80% of which are between 0.01 and 0.25 mm, and other
components

where the large bubbles occupy about 31%-38% of the
core volume,

and the small bubbles occupy about 17% to 25% of the
core volume,

2. A core as claimed in claim 1 wherein 80% of said large
bubbles are between 2.2 mm and 3 mm.

3. A core as claimed in claim 1 wherein said hydrated
gypsum occupies about 43% of the core volume, said large
bubbles occupy about 35% of the core volume, and said
small bubbles occupy about 21% of the core volume,

4. A core as claimed in c¢laim 2 wherein said hydrated
gypsum occupies about 43% of the core volume, said large
bubbles occupy about 35% of the core volume, and said
small bubbles occupy about 21% of the core volume.

5. A core as claimed in claim 1 where said large bubbles
are formed of styrene spheroids.

6. A core as claimed in claim 2 where said large bubbles
are formed of styrene spheroids.

7. A core as claimed in claim 3 where said large bubbles
are formed of styrene spheroids.

8. A core as claimed in claim 4 where said large bubbles
arc formed of styrene spheroids.
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